Abstract: Reed Canarygrass (RCG) is an exceptionally aggressive invader of wetlands and streambanks throughout much of North America and a serious challenge in many riparian restoration projects. RCG generally degrades habitat quality, can outcompete most native grasses and forbs, and can sometimes invade stream channels. Over the last six years, we have used pre-vegetated coir mats for rapid bank stabilization and native plant establishment and to thwart reinvasion by RCG. In this paper, we use field experiments, case studies, and literature to evaluate whether aggressive revegetation can defeat RCG.
Introduction
Reed canarygrass (Phalaris arundinacea) embodies many of the challenges, complexities, and contradictions of invasive species management in riparian restoration. With remarkable ecological versatility, aggressive spread, resistance to control practices, and stubborn persistence, it is an extremely difficult weed to suppress during and after revegetation and compromises many restoration projects. In addition to its own weedy traits, RCG may be favored by landscape and watershed-scale factors that are beyond the control of restorationists.
Furthermore, divergent attitudes towards this species complicate management decisions: in different cases, reed canarygrass may be native or introduced, valued or reviled, planted or attacked, and regulated, ignored, or promoted.
The purpose of this paper is to synthesize available information on reed canarygrass and explore realistic strategies for its management in the context of riparian restoration. In four main sections, we:
1. review the RCG ecology literature with emphasis on factors that influence invasiveness and ecological impacts; 2. summarize previous research on RCG control and revegetation of RCG-infested sites with emphasis on identifying practices with best potential for successful restoration, as well as the serious shortcomings of most conventional practices; 3. report original riparian restoration research and project experience that demonstrates the ability and limitations of some aggressive revegetation practices to suppress and replace RCG; 4. summarize considerations that affect the desirability and feasibility of controlling RCG in restoration work as a basis for project selection.
Restoration of RCG-infested sites appears to be feasible but difficult, protracted, and unlikely to be 100% successful. Therefore, it is probably advisable to pursue RCG replacement only where legally mandated and/or strongly desired by a landowner and supported with adequate funding, human resources, long-term commitment, and favorable site conditions. In other cases, it may be better to adopt more modest goals for habitat enhancement and plant community restoration that accept coexistence with RCG at some level.
Reed Canarygrass Ecology and Impacts
The extreme challenge presented by RCG reflects its ecology, response to human land use, and historical and continuing use in agriculture and other arenas. Realistic restoration strategies and goals require appreciation of the many factors that contribute to RCG's success and the limited range of practices that are effective in controlling, replacing, and combating it. (The information summarized here and in the following section build on several previous reviews that discuss some topics in greater detail: Antieau, 1998; Stannard and Crowder, 2001; Reinhardt and Galatowitsch, 2004; Tu 2004 ).
Plant attributes and environmental factors contributing to invasion
Reed canarygrass is a tall, fast-growing, perennial, rhizomatous, cool-season grass of wetlands, riparian areas, and moist meadows and pastures. High competitive ability and accumulation of a thick litter layer contribute to its tendency to form dense stands in which it is the only dominant species, often in near monoculture (Figure 1 ). The ability to dominate across a broad range of environments adds to its threat.
The extraordinary competitive ability of RCG against a wide range of species and over a wide range of conditions is well documented (Lavergne and Molofsky, 2004; Reinhardt and Galatowitsch, 2004; Reinhardt Adams and Galatowitsch, 2006) . It is highly competitive even by the standards of aggressive, rhizomatous weeds, sometimes out-competing quackgrass (Elytrigia repens) (Harrison et al., 1996) . As an adult, reed canarygrass is well adapted to expand vegetatively from existing populations into areas not conducive to establishment from seed.
Parent clones apparently subsidize growth of tillers into shaded microsites (Maurer and Zedler, 2002) , with subsequent growth allowing RCG to overtop existing herbaceous vegetation.
Massive expansion from small initial populations can occur over one or two decades (Barnes, 1999; Mulhouse and Galatowitsch, 2003; Lavergne and Molofsky, 2004) .
Establishment from seed is also a problem on disturbed sites such as newly planted restoration projects. In a three-year-long restoration experiment, Carex stricta seedlings were able to outgrow all species recruited from the seedbank except RCG (Budelsky and Galatowitsch, 2004) . Rapid initial shoot growth relative to other wetland species may be important to RCG's competitive advantage (Fraser and Karnezis, 2005; Reinhardt Adams and Galatowitsch, 2005) . RCG seeds germinate better on exposed soil than flooded sites and seedlings survive and grow faster under exposed conditions (Coops and van der Velde, 1995; Fraser and Karnezis, 2005) . RCG and the ecologically similar common reed, Phragmites australis, invade riverine marshes more quickly during or following low water years (Hudon et al., 2005; Lavoie 2005 ).
RCG's positive responses to environmental factors associated with human land and water use contribute to its invasiveness; that is, humans have made many ecosystems more vulnerable to RCG invasion. High nutrient availability appears to favor RCG invasion, especially where sites are disturbed (Wetzel and van der Valk, 1998; Green and Galatowitsch, 2001; Maurer et al., 2003; , whereas nutrient-poor environments appear to retain native wetland plants (Perry and Galatowitsch, 2002) . RCG responds more than native sedges to nutrient additions (Wetzel and van der Valk, 1998; Gusewell, 2005) . A native sedge that can outcompete RCG under nitrogen-poor conditions loses this advantage with even modest increases in N , and relative abundance of RCG and another native sedge shifts with phosphorus and base cation levels (Schröder et al., 2005) . High nutrient levels favor RCG vegetative expansion by increasing biomass allocation to shoot growth and enhancing growth of tillers into shaded areas (Maurer and Zedler, 2002) .
Reed canarygrass thrives and is highly competitive under a wide range of hydrologic environments including some upland sites (Harrison et al., 1996; Hoag et al., 2001; Kercher and Zedler, 2004; Magee and Kentula, 2005; Mahaney et al., 2005; Miller and Zedler, 2003) .
Suitable water levels are narrower for initial establishment, but temporary periods of low water are sufficient to facilitate colonization, which is followed by population growth and persistence under wetter or more variable conditions. Anthropogenic changes in hydrology may facilitate RCG invasion (Herrick and Wolf, 2005; Weddell, 2002) ; contributing factors may be altered surface water level regimes (shallower, more variable), stream channel downcutting, and lowering of water tables in wet meadows.
Landscape-scale analyses further support the idea that human impacts such as nutrient enrichment, sediment deposition, hydrologic alteration, creation of weed dispersal corridors, physical site disturbance, and removal of native plant populations play an important role in RCG invasion. A reconstruction of the history of RCG in Quebec during the twentieth century suggested that expansion into new sites was due to increased road construction, nitrogen pollution, and periods of drought and low water levels (Lavoie et al., 2005 ). An analysis of wetlands in an Oregon watershed found that urbanization accounted for much of the variation in RCG abundance, likely due to increased runoff from impervious surfaces and water quality degradation (Inahara, 2003) . An evaluation of 41 prairie pothole restorations that relied on passive recolonization found high levels of RCG and other weedy species (Mulhouse and Galatowitsch, 2003) ; wetlands isolated within an agricultural landscape were cut off from native seed sources and affected by historical and ongoing changes in hydrology, sediment deposition, and nutrients. Such historical and landscape-scale influences present serious challenges to restoration projects that rely entirely on on-site efforts and they argue against fertilizer use in restoration projects.
Ecological Impacts
As a result of its dense growth and dominance, RCG is a threat to native plant communities, aquatic habitat quality, and stream restoration projects. It can reduce native floristic diversity drastically (Barnes, 1999; Maurer et al., 2003; Kercher et al., 2004; Schooler et al., 2006) . found that lower native plant species richness in communities strongly dominated by RCG was mainly due to exclusion of rare native species. In some cases endangered species or culturally significant Native American food plant populations are reduced (Lesica, 1997; Weddell, 2002) . Diversity can be lowered even where invasion by RCG replaces a strongly-dominant native such as a sedge or cattail (Werner and Zedler, 2002) .
Aquatic ecosystems can also be affected. According to Ringold et al. (2007) Populations in North America are believed to be a mixture of native and introduced genotypes (Harrison et al., 1996; Merigliano and Lesica, 1998) . RCG was present in the inland Pacific Northwest before settlement by European peoples (Merigliano and Lesica, 1998) .
Introduced, weedy genotypes or native-introduced hybrids may be responsible for RCG's huge increase in abundance, but this remains speculative. Invasion by exotic genotypes of native species has been documented for the common reed Phragmites australis (Lavoie et al., 2005) .
There is substantial genotypic diversity within and between wild and pasture populations, and genotypes vary in early survival, growth, and ability to compete with existing vegetation (Gifford et al., 2002; Morrison and Molofsky, 1998; Molofsky et al., 1999) .
Agricultural use of RCG in the U.S. dates to at least the 1830s; agronomic research began before 1920, and named varieties were released in the 1940s Crowder, 2001 and 2002; Tu, 2004 (Lyons, 1998; Casler, 2003) . There are no known morphological traits that distinguish among native and non-native or hybrid types (Lyons, 1998) .
Widespread and effective use for ditch and streambank stabilization has also contributed to the spread of non-native (or at least non-local) genotypes (Stannard and Crowder, 2002; Casler, 2003; Pick et al., 2004 Many government natural resource agencies involved in ecological conservation and restoration regard it as an invader, while agencies with a more pragmatic soil-and-water-conservation focus recognize its utility and threats (Stannard and Crowder, 2002; Pick et al., 2004) . Conservation organizations and biologists generally view RCG as a pernicious weed and a serious threat to riparian and wetland ecosystems (e.g. Lyons, 1998) . The situation in Minnesota illustrates the conflicted status of RCG particularly well: the University of Minnesota is home to a RCG breeding program (in cooperation with the USDA) and a restoration ecology program that has conducted some of the best RCG control research (in cooperation with the state's Departments of Natural Resources and Transportation). Given the diversity of revegetation goals in land rehabilitation -from channel stabilization, stormwater management, and livestock grazing to recreating native ecosystems -conflicting attitudes towards RCG are bound to persist.
Control and Revegetation

Control
Research and management experience supports two general conclusions about reed canarygrass control: (1) regardless of control methods used, repeated treatments over several to many years are required; (2) re-establishment of reed canarygrass (though not necessarily dominance) should be treated as a risk in any restoration project where reed canarygrass is initially present or occurs in adjacent areas (Antieau, 1998 and 1999; Lyons, 1998; Reinhardt and Galatowitsch, 2004; Tu, 2004; Reinhardt Adams and Galatowitsch, 2006 canarygrass biomass was reduced by 50% compared to controls in the year of application, and seed head density was reduced by over 90%. However, these effects did not persist into the next year and non-target species including native sedges did not increase significantly. Repeat applications over several years could be more effective and should be tested.
Practices that attempt to draw down plants' carbohydrate reserves by damaging them physically (mowing, grazing, disking, burning), shading them (synthetic mulches such as weed barriers), or flooding them deeply may require several years to reduce reed canarygrass and may not eliminate it (Antieau, 1998). These practices are more effective if combined with herbicide.
Flooding may need to be deep and sustained over 2-3 years or more to eliminate stands and thus requires artificial hydrologic control. Short-term flooding at > 0.85 m depth caused modest decreases in RCG, with better results in areas of regenerating willow forest (Jenkins et al., 2008) .
Depletion of reed canarygrass in the seedbank is also desirable and may be attempted by repeated disking, herbicide application, and fallowing over several growing seasons (Antieau, 1998) . This may also help reduce other weeds that can replace reed canarygrass after short-term herbicide control (NRCS, 2005) .
Revegetation after reed canarygrass control
Good initial control of reed canarygrass typically does not translate into longer-term success.
Where control with glyphosate is incomplete, shoots may grow back at even greater density (Kilbride and Paveglio, 1999) . Reed canarygrass can produce abundant seed, creating a large seedbank (Galatowitsch and van der Valk, 1996) that may allow rapid reestablishment after existing plants are killed. Surviving rhizome fragments may also allow reestablishment. In spite of apparently effective control in Reinhardt and Galatowitsch's (2004) experiment, reed canarygrass recolonized rapidly and prevented establishment of native species. Extremely high rates of seeding with native species (15,000 seeds/m 2 ) did not suppress recruitment of reed canarygrass from seed even when reed canarygrass seed density was very low (10 seeds/m 2 ).
Because shading inhibits reed canarygrass germination, rapid establishment of other plants using vegetative plant materials might be able to suppress its establishment from seed (Lindig-Cisneros and Zedler, 2001 , 2002a , 2000b . Mahaney et al. (2005) concluded that where restoration relies on seed, reed canarygrass is likely to dominate a wide range of sites regardless of hydrologic conditions, sedimentation, or nutrient enrichment. Passive revegetation has led to high levels of reed canarygrass in restoration projects in disturbed agricultural landscapes where native plants are scarce (Mulhouse and Galatowitsch, 2003) . Foster and Wetzel (2005) tried to establish native plants from seed and transplants after a single herbicide application or burning. Herbicide resulted in better initial native plant establishment than burning, but reed canarygrass increased rapidly while planted natives declined over the two year study period. The authors concluded that native species "needed more than two growing seasons to become established enough to compete with P. arundinacea sprouting from the seed bank or surviving rhizomes." Seeding and exclusion of deer resulted in at least short-term (3 year) increases in species richness after "non-catastrophic" disturbances that did not reduce reed canarygrass abundance (Kellogg and Bridgham, 2004) ; communities were still dominated by reed canarygrass. Tests of a cover crop strategy were not promising because both reed canarygrass and native sedges were suppressed (Perry and Galatowitsch, 2003 • Poor revegetation success with grasses, legumes and forbs, with recolonization by reed canarygrass after a few years.
• Some success with rooted woody plants, but limited success with cuttings.
• Success with woody plants has required use of a weed barrier, in addition to initial herbicide application, because control by legal herbicides does not persist long enough.
Without a weed barrier reed canarygrass recolonizes or other weeds such as Canada thistle take over. However, installing weed barrier properly is very labor intensive.
Tim Miller and Craig MacConnell of Washington State University Cooperative Extension tested methods to control reed canarygrass and establish riparian trees in Western Washington
(unpublished results summarized by Dobrowolski and Miller, 2004) . They achieved good tree establishment after chemical control of reed canarygrass if follow-up maintenance was done to limit regrowth of reed canarygrass and broadleaf weeds. Follow-up weed treatments included spot application of glyphosate, which had the best results, clipping, which was effective but used 30% more labor, and mulching with wood chips, which only worked if initial reed canarygrass control was complete. Tree protectors aided survival and growth. Other restorationists have also reported promising results with tree planting or transplanting (Moore et al., 2000; Naglich, 2000) .
A trial using willow cuttings after reed canarygrass control showed promising results for a high intensity approach (Kim et al., 2006) . During one year, test plots were mowed twice, sprayed with glyphosate three times, and covered with 10-15 cm of woodchip mulch. The next year 3-ft long willow cuttings were planted at high density (spaced 2, 3, or 4 ft apart). Willows grew well and shaded reed canarygrass, reducing its biomass by 45-68% within two years.
Intermountain Aquatics' Revegetation Research and Experience
We have been testing riparian revegetation with pre-vegetated coconut fiber mats since 1999, first with small-scale plot experiments, then in full-scale restoration projects. Our main objectives in using pre-vegetated mats, generally in combination with other practices, have been rapid native plant establishment for bank stabilization, revegetation under challenging hydrologic conditions, weed suppression, native plant community restoration, habitat improvement, and aesthetics. We have previously presented guidelines for planning and implementing projects with pre-vegetated coir (Hook and Klausmann, 2006 ) and a case study (Hook, 2006 Initial small-scale demonstration of weed suppression
In 1999-2000, we compared seven methods for revegetating sedge-dominated wetlands in northwest Wyoming using a randomized, replicated experiment with five 9-m 2 (10-yd 2 ) plots per treatment (Klausmann and Hook, 2001 ). The seven methods spanned a wide range of cost and effort, the most intensive being pre-vegetated, nursery-grown coir mats; the others were passive revegetation (unplanted control), broadcast seeding, salvaged marsh surface (SMS), greenhousepropagated bareroot plants, greenhouse-propagated containerized plants ("tubelings"), and wildcollected transplants. We planted Nebraska sedge (Carex nebrascensis), northern territory sedge (C. utriculata, previously reported as C. rostrata) and hardstem bulrush (Schoenoplectus acutus) in each treatment except for control and SMS. Saturated to shallowly flooded conditions were maintained during the growing season.
All of the vegetative methods provided superior establishment of planted species compared to passive revegetation, broadcast seeding, and salvaged marsh surface. However, the most striking result was the uniquely effective suppression of weeds by pre-vegetated mats compared to other treatments (Fig. 2) . Vegetated mats had ≤0.5% cover of exotic or invasive species at the end of the second growing season. This was likely due to both the mulching effect of the coir mat and the rapid establishment of planted species. Results. At the end of the first growing season (2006), percent cover of the planted species and RCG differed among treatments (p < 0.0001 and 0.027, respectively; Figure 3 ). Planted species cover was generally higher in HDP and SOD plots than MDP plots and only at trace levels in unplanted controls. Percent RCG cover was low in SOD plots, intermediate in the HDP and control plots, and highest in MDP plots. Though low compared to planted species, RCG cover in SOD and HDP plots was high enough to be a concern after just four months. In SOD plots most of the visible RCG plants were in small gaps between the coir mats. Elevated RCG in MDP compared to HDP plots was likely due to the combination of watering, no hydromulch, and relatively low density planting. Wetter site conditions generally enhanced growth of both RCG and planted species (for regression of cover against mean depth to water R 2 = 0.18-0.95 for RCG depending on revegetation treatment, R 2 = 0.29-0.87 for planted species).
At the end of the second growing season, percent cover of the planted species and RCG again differed among treatments (p < 0.001 and 0.056). Differences in RCG followed the same pattern as the previous year but cover had increased by 15-25% in all treatments, reaching 20-50% (Fig. 3) . RCG reestablishment was strongly favored by wetter conditions in control, MPD, and HDP plots (R 2 = 0.71 for cover versus depth to water). RCG cover in SOD plots was not related to water table depth and was generally lower than other treatments for a given site suggesting some continuing RCG suppression. Measured as either cover of planted species or the ratio of planted species to RCG, performance generally improved with intensity of revegetation ( Fig. 3 and 4). Controls were worse than untreated plots (BAK), and MPD plots were no better than untreated plots. Although planted species were twice as high in HDP and SOD plots as untreated plots, which suggests a degree of short-term success in reestablishing natives, the already high RCG levels do not bode well for long-term success.
Performance of pre-vegetated coir mats in this experiment was inferior to our experience in many stream and pond projects. This may have resulted from two obstacles. First, soils were not removed from study sites, leaving a significant residual RCG population after mowing and herbicide. Banks are often reconstructed during riparian restoration and bank stabilization, which removes roots and rhizomes. Without soil removal, repeat herbicide application over several years probably would have been needed for adequate RCG control. Second, there was an extreme drought during the first growing season; rainfall totaled only 1.0 cm (0.4 inches) in test their ability to establish under these difficult conditions. Pre-vegetated coir mats contain plants that are larger and more tolerant to flooding than the individual plants originally used.
Sixty percent of the mats contained a mixture of Nebraska sedge, Northwest Territory sedge, and arctic rush; this was installed on the higher elevation areas. The other 40% of mats contained hardstem bulrush (Schoenoplectus acutus) and was installed in lower areas.
Planting success was measured using estimates of cover in belt transects for two years and with photo points and informal observation subsequently. Water levels were monitored at a stream gauge in the study reach and used in combination with a detailed elevation survey to estimate hydrologic regimes within each revegetated area. Abundance of submerged aquatic vegetation (SAV) was also monitored to evaluate possible effects on hydrology.
Results. At the end of one growing season in September, 2005, pre-vegetated mats were fully rooted and thriving and plant cover averaged 67% (Fig. 5) . Although this was an impressive success in overcoming the barriers to survival that plagued the initial revegetation attempt, two potential problems were observed (Fig. 6) . First, significant areas of grazing by muskrats were seen, especially in the deepest areas of the sedge/rush mixture. Second, there were early signs of RCG invasion that appeared to originate from floating plant fragments or from the neighboring RCG stands that had not been controlled. Nine small RCG plants were found on the biologs that formed the channel edge; they appeared to have floated and lodged on the biologs. Fragments of RCG rhizomes with green shoots were seen floating downstream attached to aquatic plant detritus. Four more RCG plants were found within a planted area. All RCG plants had been dug out and removed from the constrictors before planting, so these RCG plants presumably floated in, too. Additionally, RCG rhizomes had extended a short distance into filled areas from existing stands on the original bank, mainly where fill was not covered with pre-vegetated coir. Willow cuttings were also planted in some biologs and streambank areas during the initial revegetation effort. Survival was poor on biologs but fair on streambanks. Growth of streambank willows, which were planted into patches of weed barrier, was slow; surviving plants typically had several live, branching shoots 0.6-1.2 m (2-4 ft) tall after 4 years (Fig. 6 ).
Restoration project experiences
Teton River. Beginning in 2002, we completed several projects on the Teton River in Idaho.
Streambanks have been degraded by grazing and erosion in many locations and do not recover readily after grazing is stopped. Muskrat burrowing, ice scouring, and continuing erosion of the base of banks help maintain degraded conditions. RCG is abundant along the Teton and is a threat to any restoration project on the river. Because it has such wide hydrologic amplitude, it can be a problem from lower to upper banks.
The sequence of photographs in Fig These results suggest a general strategy: Pre-vegetated coir mats can be used to limit RCG in the short-term, as well to stabilize banks and reestablish native graminoids. Several years with low RCG pressure will allow establishment of shrubs that will be immune to RCG competition and may partially suppress RCG by shading. If sustained and relatively complete control of RCG is desired, it may require periodic control, such as selective wick application of glyphosate.
Even if some RCG is tolerated, a project can achieve channel rehabilitation, partial restoration of the natural plant community, and enhancement of aquatic and riparian habitat. In the best case, native sedges and other riparian graminoids may continue to dominate the shoreline. Two rows of pre-vegetated coir mats were installed on top of the ECF-wrapped soil lifts and staked into place after high water in July, 2004. This photograph was taken immediately after bank revegetation. In addition to erosion control, the pre-vegetated coir mats provided rapid establishment of native vegetation that could resist re-invasion by reed canarygrass. Bottom right: In July, 2008, native herbaceous vegetation was well established. Occasional RCG plants had started to grow into the lower bank but were very sparse and did not require control. Willows were tall enough to overtop herbaceous potential weeds including RCG.
Wilson Creek. While working at Silver Creek Preserve, we also surveyed a nearby spring creek that had been dredged and reshaped in the early 1990s to remove sediment, reestablish desirable channel form, and restore aquatic and riparian habitat (August et al., 2006 
Summary and Recommendations
A number of straightforward conclusions can be drawn from published and unpublished research and our work:
 Effective reed canarygrass control requires extraordinary measures such as repeat use of herbicide over several years (with or without other practices), topsoil removal, or prolonged inundation. Lesser efforts will leave seedbanks or viable rhizomes.
 Establishment of herbaceous native vegetation after incomplete RCG control is unlikely to succeed using passive revegetation, seeding, or individual plants, though combining vegetative plantings with ongoing RCG control and/or water level management may succeed.
 Use of pre-vegetated coir mats can suppress RCG for several years but generally will not prevent RCG reinvasion indefinitely. Using pre-vegetated coir may enable establishment of robust native plant populations that can coexist with RCG on suitable sites, but this outcome is speculative.
 Native trees and large shrubs are likely to persist in the presence of RCG and can provide habitat benefits in RCG-infested areas. Investment in larger or more mature, rooted plant material will improve woody plant establishment.
 Up-front investment in site preparation, RCG control, and hydrologic information will improve odds of success regardless of revegetation methods and should always be made.
 Many landscape, watershed, and historical factors can work against complete and lasting RCG control and replacement using on-site measures: agricultural fertilizer use; certain hydrological alterations; roading and other landscape disturbance; possible introduction of more invasive genotypes; past or ongoing RCG use for bank stabilization or pasture;
extensive occurrence in many landscapes; and ease of transport by water.
In summary, at least partial restoration of RCG-infested sites is feasible with aggressive and sustained control efforts. The most promising approach with wide application appears to be a "bridging" strategy that combines (a) intensive and/or sustained control measures (repeat herbicide applications, flooding, weed barriers, deep mulching, topsoil removal), (b) aggressive herbaceous revegetation practices that can delay or possibly prevent RCG reinvasion (e.g. prevegetated coir mats), and (c) establishment of shrubs or trees during this bridging period. Where successful, this will most likely lead to coexistence of a somewhat degraded native plant community with reduced levels of RCG, the levels depending on site-specific conditions and use or discontinuation of RCG management efforts. European research on common reed (Phragmites australis) found that many reed populations that had invaded fens were fluctuating from year to year rather than increasing over time (Gusewell et al., 2000) , lending credence to the possibility of long-term coexistence of reed canarygrass and native plant species in some communities.
Considering these challenges, prioritization and realistic expectations are necessary.
Commitment of landowners and managers to significant and sustained efforts is critical. At a minimum, this entails relatively intensive and expensive initial work -RCG control, site preparation, and aggressive revegetation -and several years of monitoring and, usually, followup RCG control. Such commitment may result from legal or regulatory requirements or the conservation goals of the landowner or manager. Most states have no legal requirements to control RCG. Some agencies may require use of native plants in stream and wetland projects they fund or permit. However, the philosophical commitment of a conservation focused landowner such as a land trust, conservancy, or dedicated individual is likely be the motivation in many cases.
Even with commitment in principle, the difficulty of restoration calls for "ecological triage"
in which projects are selected based on both need and potential for success. Examples of high need are to protect critical aquatic habitat or threatened plant communities. Factors that improve or reduce odds of success should be considered. Many of these factors, listed above, amount to the degree of human impact to the landscape as a whole; the best chance of success is in protected areas within relatively less disturbed watersheds. Other factors include the current levels of RCG in the landscape, whether the desired vegetation type includes a significant shrub or tree component, ability to obtain adequate hydrologic data for planning, and future continuity of ownership and management. Lacking appropriate conditions, some areas dominated by RCG may be sacrificed as impractical to restore and, therefore, a poor use of resources.
Finally, appropriate criteria for success need to be defined based on challenges as well as objectives and regulatory obligations. In some cases, partial control of RCG may be enough to maintain reduced populations of desired plant species, establish more shrubs and trees, or enhance riparian and aquatic habitat. In other cases, more complete control of RCG and reestablishment of pre-invasion stream conditions may be sought.
